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PRELIMINARY OBSERVATIONS OF LUNG INJURY PRODUCED BY
INSTILLATION OF HF IN ACIDIC AND NEUTRAL BUFFER

J.R. i3rainard, S.A. Kinkead, E.M. Kober, R.J. Sebnng, D.M. S~avcrt and B.E. Lehnert
Isotope and Structural Chemistty Group, ‘llteoretical Hydrodynamics Group and Cellular and

Molewlar Biolo&~ Group
Los Alamos National Laboratory, Los Alamos NM 87545

Abs~ract
Perfluoroisobutylene (PFIB) is an extremely toxic organofluonde that can be produced

during pyrolysis of tetrafluoroexhy lene polymers, including Teflon@’. Inhalation of PFIB at vety
low concentrations causes acute ll*ng injury, the hallmark of which is pulmonary edema. Several
lines of evidence have suggested that hydrolysis of PFIB and resulting production of
hyd.rofluonc acid maybe rqmnsible for pulmonary damage. In order to investigate the potential
involvement of hyd.rofluoric acid in producing lung injury and its relationship to the mechanism
of fluorocarbon toxicity, wc have compared the pulmonary injury produced by PF7B, by
dissociated (H+ and F-), and by undssociatcd (HF) hycidluoric acid in the deep lung, By
delivering hydrofluonc acid by intratracheal instillahon in neutral buffer, we demonstzme that F
produces no significant pulmonary injury as assessed by increases in lung weight and
uh.rasmmml changes. Similarly, instillation of acid buffer alone demonstrated tha[ H+ did not
produce detectable lung injury. instillation of HF produc~d changes in lung weigh[ and
ultrastructure similar to those obseIved in PFIB-treated tats. However, the ultrastructural smdies
show that in contrast to inhalation of PFIB, which produces both endcitheiial and epithelial cell
damage, instillation of HF zppears to exert its injunot]s effects only u,mn cpi[helial cells. ‘

Introduction
Peffluoroisobuty lenc (PFIB) is one of a number of volatile fluoronlkerws that cause

sevctt lung inywy when inhaled at low concentrations (1). Ile hallmark femum of the injury is u
breach in the permeability of the lung’s air-blood barrier, wi(i] ensuing pulmonary mlcmn (2,.3).
A vitiet~ of chemical rricchwrisrus have M:m proposed to explnin the toxic effects of this
it~]p)~iin[ cl:iss of pulmvnmy irritants, but there is no consensus its to the Mvun] mechanism(s)
involvvd, Wxause m;my toxic fluorocarbons arc readily susccptitde to hydrolysis under ccrt;i ,7

t’tmfii[ions, iir](jk~iil)s~ hydrofluoric ;Icid and these toxic flltortw,lr’xm~ pr(xiucc simil:lr lung
injury, hydl(~lysis iln(i production of hydrofluoric ncid hilvc twin suspcctcd ti~be involved ir~
pr(xluling pulnwnwy injury (4-6). On the olhcr hilll(t, pulrl](mwy injury ( ililSC(l by hydroflut~ric
ii(’il! rxp)surc is primiwily (Wtri(:l(!d 10 the Uppcl r(’~pirilt(lry ifilct, whcrc; ls!’l;lll nnd rcl:llc(!
llll[mxorln~rls iirt kmwr~ It) injure the deep Iun{:. Alstt, the rcl;~tivc t(~xi(’ity(}f hydnflu~wic’ ii(i(l



(>12@ppm forl Omti)is much lcssthan P~B(18ppm forl Omin). The marked differences
in relative [ox~cities and sites of injury suggest that hycidluonc acid and PFTBoperate by
different mechanisms.

Arguments based on the differences in relative toxicities and sites of injury are
confounded by possible differences in the hydroph i]it/h ydrophobic nai ure of hydrofluoric acid
and PFIB and the resulting diffenmces in sites of absorption in the ai~ays. Because
hydrofluriic acid is hydrophilic, it may be efficiently absorbed in the moist upper airways and
thereby produce injury in the upper respimlo~ tract while sparing the more peripheral deep lung,
Based on estimates of airwy surface area and measurements of absorption of hydrofluoric acid
in the nasal reg~on of the rat, we have recently estimated [hat essentiall:~ all hydrofiucwic acid
breathed via the oral airway could be removed by the time the inhaled airstream reached 9-10
genemiorrs of the rat’s tracheobronchial tree (7).

In order to determine if h,yd.roflmk acid, when delivered 10 the deep lung, can produce
similar injury to PF113, we have used the instillation of hydrofluoric acid in buffered saline as a
modei to introduce I]ydrofluoric acid into the lung’s alveoler region. The extent of lung injury
produced by hydrcdluoric acid was companx! to that produced by inhaled PFiB using lung
gravixmtric and ultrasauctuml criteria. In addition, we have comp,ared the extent of lung injury
produced by undissociated HF (8), and by the products of dissociation H+ and F-, irl order to
assess which of these potential species generated by hydrofluonc acid is inos[ likely involved in
producing lung injury.

Expcrimcnta] Design

The exi -;ments were designed to compare the pulmonary injury produced by four
diffa-ent doses of hydrofluonc acid in buffered saline with that prodwxd by inhalation of PFIFl,
In addition, wc compared [he pulmonaq’ injury produced by hycirofluoric acid in acid buffered
saline (where the hydrof?uoric acid is present primarily as lW) with th~[ in nwtral buffered saline
(where the hydrofluoric ;cid is present primarily as F-) given by intratrscheal instillation.
Because the pKa for hydroflumic acid is 3.19, we selected conditions of pH=2.1 in phosphate-
buffered saline (PBS) to give >90% HF ([HF]/[F-] = KJ[H+]), and p11=7.4 to give >99% F.
(lF.]fl HF] = [H+)/Ka). 71e hydrof?uonc acid ifi PBS was delivered to the lungs of rats I-iy
instillation of 0.5 ml of ().22 m, 2.2 M, 22 m and 44 Whydrofluoric acid solutions
rrsult.ing in dose quantities of 0. 11PM, i. 1PM, 11PM and 2211M, respcctivcly, Instillations of
PBS, pH=7.4 and PBS, pH=2.1, were also included in the experimental design as con[r-uls for
the injury p~oduced by instillation of neutral- and acid-buffered saline alone. Puhnonar y injury
was assessed by increases in lung wet weight (LWW) rind righ! crminl I+e dry weiglit
(RCLDW) 24 huurs afm cxposwr and by changes in the ultrastructure of lung Sectims fixed 3
hours after exposure. We note thnt preliminary smdics have d~nl(~t~~triitM;Iuitthe intri~tr:]chc:~l
irlslillil(iorl of norllli~] P[3S c;~usc$n(~dc:cctithlc evidence of lUllg irljury, using lung grilvimctric
nwasurcrncr~ts ilr]d histolory as end poi llts. For purlmses of (.”OllljJilrism, wc cs[imittcfi tk dose
of PI;113I;ccivccl fr~ml inhid,tti~)nof I(X) IY@M3for 10 nlinutc:). ilsstll]ling i~n average Illinu;c
vcntil;l[ifw of 220 ml ilnd I(KM dcp(~::iti(w of the fl(lol(’K.ilrtXUl. ‘1’llC’\C ;I$iunlpti(ms git’c illl

cstinlatcd dow rw’civcd from inll:tlcd l’~;lIl (If I 1 IiM.
Vhc irllr;ttril[hclll ins!ill:i!i~m~)fPHS s(duli{)ns w;ls pcti’(mIwI! with nlillc li~chc[ 314!r$lt~

(S1’l;, 24S 270 ~) u})dcr l.thrtttwm’iIIIr!)Ilwsin. I;ilt’11~:nn}p (d’rillf c{)tl~i~tcd{)(34 ilrlitll;lls

l.kjl(l~~wcI() i’1111Wil!7~wrft)tllml il$ l)lcvio[ldy (Icw-lilw(! [7). ‘Illr ;1!}111};11s\vcrc f;l[-l-ilt(txl .?1 hr



af~er the instillations or PFIB exposures and their lungs were exctsed. me procedures for
obtaining lung wet weights O-w, and right cranial 10bc @ wigh~ (RCLDW) and electron
micmgraphs have been described previously (7).

Results and Discussion

Lung wet weights and right cmnial lobe dIY weights determined 24 hours after exposure
are shown in Figure 1.
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No significant increases in LWW or RCLDW were observed for rats exposed to either
acidic PBS (pH 2.1), neutral PBS (.pH 7.4), or for rats exposed to 0.11 vM, a,ld 1.1 p,M
hydrofluonc acid in eifier acidic or neuua.J pBS. The -7% increase in LWW obsemed for 1I
VM hydrofluonc delivered in neutral (pH 7.4) PBS was significant at the p=O05 level.
However, based on the absence of any significance increase in LWW for 22 PM hydrofluoric
acid in neutral PBS X increases in RCLDW for 11 p~f and 22 PM hydrofluoric acid in neutral
PBS, we suspect the statistid significmce estimated for 11 PM hydrofluoric acid in neutral PBS
is a type 1 statistical enor. Statistically significant increases in LW and RCLDW were
observed for mts receiving 11 PM and 22 phf doses in acid-bufferd (pH 2.1 ) PBS. In the

group o!’3 rats exposed to 22 PM HF in acid-buffered PBS, the instillation of cne rit was
unsuccessful, and one rat died within 12 hours after exposure; consequently, we obtained
gravimetric data for only one mt at this dose.

Because hydrofluoric acid is a weak acid in aqueous schrion, (he hydrofluonc acid in

acid-buffered PBS exists pritily in the undissociated form HF; in neutral-buffered PJ?S, the
hydrofluoric acid exists primarily as F-, This fact and (he lung gm~-irne~ic data presented above

demonstnte that at 11 and 22 W doses given by instillation, HF produces more lung injury
than F-. This observation suggests that HF mticr than F- is the agent responsible for injury in
pulmonary tissue exposed to hydrofluoric acid. The observations that neither neutral PBS or

acidic PBS alone produced significw~t lung injq sho~fs hat neither the instillation procedure or
the delivery of acid (H+) in pBS results in significant tissue injury. “Jlese data argue for the
involvement of HF rather than F- or H+ as [he active species in pulmonary injury prod~ced by
exposure to hydrofluonc acid.

The similar increases in LWW’ and RCLDW obsemed for PFIB and HF suggest that
these agents may act through the same ~charlism, implying that hychwlysis of PFIB and
production of HF is important in the met!’ranism of PFIB-induced lung injury. On /he o[hcr
hund, the irijury produced by 11 and 22 PM doses of HP is less than that produced by inhalation
of PFIB at 100 mg/M3 for ten minutes, even Lhol’gh the dose of I-W was 10 and 20 times gre~ter
tJ~an tha[ estimated for PHB. nis obseNatiGn sugwsts that PFIB is m~~y times more cffectivc
at producing lung injury and, that m and pFIB may act by different mechiinisms. However,
direct comparisons of the toxic cffwts of pFIB given by inhalation and HF given by instillation
are complicated by the dissimil~v delivery mechimisms. Part of the differences in dose-response

may be explained by tic fact tiat thc inm~~~cheal instillation procedure results in uneven
distribution of instilled materiaJ in tic lung with some regions receiving the bulk of the material,
while other regions may receive no or little matcriiil. Studies pmfomwd in our laborwory on the

distribution of particles in mt kng following inwawdchcal inshllation suggest that only about 30-
40% of the periphcrid alveoli reccivc the test matcri:d With n gasecms m:ltctial like PFIEI, on the

other hand, deposition in thc alve~l~afregion HXIY~ s(lbstnntially nlm h(mwgcnc(ws, and the
W\pCmSC to tlie [Ililtcrial mti~ bc ~reatcr, In addition, the observed diffcrcnccs in dwc-rcspmse

for t IF and P[:113m;iy rrflect diffcrtnccs in lhc intr:iccllu]tar andhr intcrccllul:lr distribution of the
ngcnts, Wc beiievc an inlpmlant property of PPIB and other fluoroc:lrtxms is their ~iJx~Jlhi]ic

(’h:uii(’tcr, which c(ml(l rcwlt in rcl:ltivcly fil~’ilcpcmsmlti(m irllo an(j ttmm~h ccl] tl)~lr)l)tilr]~s.

‘Ilis view it explored further in the diwussim) of the ultrastructurc rtvwll~ below.
“llc illtt:istnrlstllr:{lch:mgc$ I)liit l~xwr in the lung :1sf~f ] ;!n(~ 3 hrs :Iflcr Ihc inh;ll;lti(m of

100” m\vM~ 1’1:111for 10 min tlilvc’hrcn rqxwtcd cl.~cuhcrc ( 2?). I{ricfly, the c;ltllcsl ( 1 hr pt]it

cxlm~wre) dclc~’t; lldc cvidt’11~’c of irl,jlq is alv~’i)l~~l ci~llhcli~ll ;Irl[l cn(!(~lhcli:ll 1(*11Idcthlny ‘l?li$



outcome was accompanied by an abnommd increase in bkd monocytes and polymorphonuclear
leukocytes in the pulmon~ capillaries. AS of 3 hr after exposure, alveolar epithelial cell
blebbing progressed to cell hemiation, cell necrosis, and cell exfoliation. Epithelial target cells
included lmth the type I and fype H pneumocytes. In some instances, extensively swollen
endothelial cells widl relahvcly tifi~ appeared to occupy significant fiactiom of capillary
lumens, and fenestrations in the endothelial barrier were occasionally observed so that vascular
constituents we~ given dhc( amess tO the intemticid n~on. TWO Ce!l types that appeared to be
datively resistent to the toxic effects of PmB were the alveoku rnacrophages and interstitial lung
fibmblasts, ahhough the former ~ of cells often times were observed to be phagocytizing
fibrin and lmellar material abnomlally present in the alveolar space compartment.

Unlike the above observations, no significant evidence of ultmmcrural injury in the
alveolar region was observed following the Mmamached instillation of PBS at a pH of 7.4 or 2. ]
(micrographs not shown). AS well, tie p~nchymal region of the lung did not appear to be
significantly affected by the installation of as much as 22 VM hydmfluoric acid when delivered in
PBS at a pH of 7.4, Figure 2A. On the other hand, substantial evidence of lung injury was
observed when the hydrOflUOriCacid was administered in PBS at a pH of 2.1. Figure 2B.
Hallmark features of such injury included the desuuction and exfoliation of type 1pneumocytes,
and the swelling and exfoliation of m H pneumocytes. The appemnce of fibrin, amorphous
protei.nacecms material, and lamellar material in f.heidveo!i were also commonly observed.

Overall, the major ultmtructmtl difference between injury induced by hydroflucn-ic acid
administered at a low pH and the injurious mponse induced by tie inhalation of pFIB is that the
PFIB caused pronounced damage to both the alveolar epidlelial and endothelid cells whereas the
hydrofluoric acid appeared to target only the epilhelial cells lining the alveolar surface.

Electron Micrograph Figure Legends

Figwc 2A: Electron micrograph of the alveolar region of a lung that was instilled with 22
mm hydrofluoric acid in PBS, pH 7.4. No uhastructural evidence of damage to the type 1
epitheiial celis (arrows) is apparent. The endothelial linings of the pulmonary capillaries are
normal in appearance, and no abnormal material, e.g., fibrin, protcinoceous or lame!lar material,
is present in the alveolar spaces (ALV). A type 11pneumoncyte (?1)on an alveolar surface and a
fibroblast (F) in the alveolar interstitial rvgion show no ultrasuuctuml cvidcncc of injury.

Figure 2EI: Electron microgra~h of the alveolar region of a lung that was instilled with 11
mm hydrofluoric acid in PBS, pH 2.1. Type I alveolar cpithclial CCIISshow extensive
destruction (cytoplasmic ramification and lysis), and m,any of these cpilhelial cells or Aeir

rcmnimts huvc lifted off the alveolar surfitces (arrows). An a~parently exfoliated type 11
prwumocyte (11)is also present in an alveolus. Aside from cutting ortif:{c!s, the cndothelinl CC!!S

lining the pulmonary capi ll[!rics ‘arcnormal in ilppCMiillCe.



Conclusions

llc lung gravimernc and uhrasmIcIml results presented here generally support the
involvement of PFIB hydrolysis and the production of HF as the primary mechanism of PFI13-
induced lung injury. We speculate that the dose-response differences observed between PFIB

and I-F reflect differences in the deliveq md disrnbution of the toxic agents in the deep lung.

The ultram-uctud data demnsmte that tie lung Mjuw produced by instillation of I-IFis limited
pr-imarily to the epithelial side of the lung air-blocd barrier, in contrast to PFIB, which damages
cell types at both endohelial and epithelial surfaces. This difference in sites of cellular injury
within the lung tissue may be the result of the more hydrophilic nmre of HF, which may limit its
transpofi through cell membmnes relative to tie more hydrophobic PFIB.

Acknowledgments

This work was fund~ in pm by the U.S. ~y Medical Resemch ?mtitute of Chemical
Defense and it was conducted under the auspices of tie U. S. Department of Energy.

References and Footnotes

1, Smith, L.W., Gardner, R.J., Kennedy, G.L. Shon-teml inhalation toxicity of
perfluoroisobuty lene. Drug and Chem. Toxicol. 5(3), 295-303 (1922)

9 Sebring, R., Stavefi, D.M, ~hnem B.E. Elec~on micros~opic s~udy of
&fluoroiosobutylene-induced acute lung injury. The Toxicologist 10, A813 (1990)

3. Stavert, D. M, Archuleta, D., Wood, G., Behr, M. J., Lehnert, B. E.: Acute inhalation of
perfluoroi sobutylene: Concentration-response kinetics. The Toxicologist 10, A8W, 1990

4. England, D. C., Iticspan, C.G. Fluorokctenes. L Bis(trifluorome: hyl) ketene and its
reactions with fluoride ion. J. Am. Chem. Sot. 88,5582 (1966)

5. Bnce, T.J. LaZefle, J.D., lids, L.J. Pew~son, W.H. ne preparation and some properties
of the C4F8 olefins. J. Am. Chem. Sot. 75, 2698 (1953)

6. Clayton, J.W’. Fluorocmkn toxicity a’ld biological action. Fluor. Chem. Rev. 1, 197
(1967)

7. Stavert, D.M., Archuleta, D.C., Lehnen B.E. Relative acute to~iciries of hydrogen

fluoride, hydrogen chloride and hydrogen betide in nose and pseub-meuth breathing rats.
Fund, and Appl. Toxicol. (in press)

8. To avoid possible confusion in discussing the effects of undiwciamd or dissociated
hydrofluoric acid wc will use the convention that the full name hydrofluoric acid wili be USCCI
when the state ofdissoci~tion is unknown or when we wish to include bo:h dissociated and
undissociated forms and that the symbol HF will be used exclusively to denote undisswiated

hydrdlumic acid. In addition, we will use the s~nlbol 11+to refer t(~the hydratwl proton in
Ll!.jUCOUS so!ulion.

9, Corrcsporiding author: B,};. Lchnert, Cellular and Mokculnr Ri[llll:y Group, !.S-4, hlS-

NIN88, IAMA!nmos N[~tional l~horii(()~, [m Ahmcw,NM S7545


